Please cite this article as: Touhami, I., Chirino, E., Andreu, J.M., Sánchez, J.R., Moutahir, H., Bellot, J., Assessment of climate change impacts on soil water balance and aquifer recharge in a semiarid region in south east Spain, Hydrology (2015), doi: http://dx.doi.org/10. 1016/j.jhydrol.2015.05.012 This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. Climate change forecasts in a semiarid region are of much interest to academics, managers 31 and governments. A significant decrease in annual precipitation and an increase in mean 32 annual air temperature are expected; consequently, changes in the soil water balance and 33 groundwater recharge to aquifers are expected as a response to climate change forecasts. In 34 this context, our study aimed to assess the impact of climate changes on the soil water balance 35 and natural groundwater recharge in a semiarid area (Ventós-Castellar aquifer, SE, Spain). To 36 this end, we selected Global Climate Model HadCM3 after comparing it with two other 37 models (ECHAM4 and CGCM2). The HadCM3 model climate data (air temperature and 38 precipitation in two emission scenarios: A2-high and B2-low; 2011-2099) were coupled to a 39 HYDROBAL hydrological model to determine the soil water balance. The HYDROBAL 40 model results showed that climate change will have a significant impact on the soil water 41 balance in the study area, especially on groundwater recharge during the latter period. In both 42 the A2-high and B2-low scenarios, the selected years to run the HYDROBAL model showed 43 a decrease in water balance components (Precipitation, actual evapotranspiration, aquifer 44 recharge and runoff) in relation to the baseline period . Over the projected period 45 (2011-2099), we expect fewer rainfall events (>15 mm), which promote aquifer recharge, 46 longer dry summer seasons and, consequently, reduced average annual recharge that ranged 47 from 3-17%; 10-49 mm, if compared to the baseline period. The methodology developed in 48 the present study can be beneficial for assessing the impact of predicted climate change on 49 groundwater recharge, and can help managers and planners to devise strategies for the 50 efficient use and conservation of freshwater resources. 51 52
Introduction 62 63
Global climate change will have a strong impact on the hydrological cycle and, therefore, on 64 water resources in many regions of the world, which is the general agreement reached by 65 academics and governments (Kundzewick, Europe (10-40% wetter) and southern Europe (up to 20% drier). In most European countries, 93 these changes are more marked in winter. Annual precipitation predictions in northern Europe 94 indicate an increase from 1-2% per decade, with a decrease of up to 1% per decade (and even 95 up to 5% in summer) in southern Europe. The frequency and duration of very wet periods 96 have significantly decreased in many regions in recent decades (Hiscock et al., 2012) . These 97 general simulations have been specified for Spain, where an increase in the mean annual 98 temperature of 2.5ºC and a decrease in annual rainfall ranging from 2% in northern basins to 99 17% in southern basins are expected. These predictions of climate change in south Europe, 100 particularly in SE Spain, will have a considerable impact on agriculture and water resources, 101 elevations are readily available. Its small size also allows better monitoring, and it shows a 162 quick response to rainfall events (>15 mm), which provides a better understanding of this 163 aquifer. 164
165
According to the Agost Meteorological Station database (1976-2010 period) , this area has a 166 semiarid Mediterranean climate characterised by highly variable rainfall pulses. The mean 167 annual rainfall is 275 mm and the mean annual temperature is 18.5ºC. The interannual 168 variability of precipitation is very high. However, the temporal distribution is the main abiotic 169 factor that affects the regeneration of the vegetation cover in the semiarid area. The first analysis results indicated that during the baseline period, the HadCM3 model 314 presented the most similar database (precipitation and air temperature) to the data observed 315 (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) ) if compared with the three analysed GCMs (p < 0.001, Table 1 ). The ECHAM4 316 database showed slight differences, while the CGCM2 database presented the largest 317 differences (p < 0.001, Table 1 ). In the second analysis, when we compared the forecast of the 318 three GCMs for emission scenarios A2-high and B2-low during the 2011-2099 period, we 319 observed that the databases of the HadCM3 model and ECHAM4 models presented similar 320 precipitation and minimum air temperature values (p < 0.001, Table 2) in both emission 321 scenarios (A2-high and B2-low). For maximum air temperature, we found significant 322 differences (p < 0.001, Table 2 ). In this case, the CGCM2 database also showed the largest 323 differences (p < 0.001, Table 2 ) if compared to the other GCMs; therefore we considered not 324 using this CGM for the water balance study. In summary, the HadCM3 model database gave 325 the best fit according to the observed data (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) 
Climate change impact on precipitation and air temperature 334 335
The results indicate a significant decreasing of annual precipitation from the baseline period 336 to the future period (2071-2099; Table 3 ). The modelling predictions suggest 337 that mean precipitation will decrease by 1% during (2011-2040); 6% during (2041-2070) and 338 12% during the latter period (2071-2099) if compared to the baseline period . 339
This will be the equivalent to a reduction in average annual precipitation of up to 1.1% per 340 decade. Neither differences between emission scenarios (A2-high and B2-low) nor 341 interactions between the assessed factors (p < 0.05, Table 3 It is predicted that the available water volume for groundwater recharge will decrease over the 401 entire 21st century. In the later years of this century, we will observe lower annual 402 precipitation if compared to the baseline period in both scenarios and, consequently, 403 groundwater recharge will diminish (Table 4) . By averaging the three selected years per 404 period, the temporal variation analysis of the HYDROBAL model's output variables indicated 405 a significant decrease in water balance components (recharge, actual evapotranspiration, 406 runoff and soil moisture; p < 0.01; Table 5 ) with different amplitudes. We did not find 407 significant differences between scenarios (p > 0.05; Table 5 
